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USE OF HIGH-FLUX, preformed ultrafiltration membranes
(Diaflo; Amicon Corp., Lexington, Mass.) for separating micro-and macromolecular constituents of biological fluids has been adequately documented (1) (2) (3) . A class of these membranes has been formulated into a cone configuration (Centriflo; Amicon Corp.) amenable for use in a laboratory centrifuge. These membranes, highly retentive for the serum protein components, permit passage of low molecular-weight moieties and ionic species. Since isolation of the diffusible (nonproteinbound) calcium fraction of serum by more conventional ultrafiltration is laborious and must be done under rigorous control, the Centriflo membrane was evaluated for its applicability to this separation. 
Materials and Methods

Calcium Analyses
The method involving glyoxal-bis(2-hydroxyanil) for the direct photometric determination of serum calcium (5) was used in this study with the following modification.
The borate buffer, pH 12.6, consisted of 10 g of sodium tetraborate and 9 g of sodium hydroxide per liter of solution. For valid determinations, it is essential that the pH of this buffer be maintained at 12.5 to 12.6. It is equally important that all glassware and pipets be thoroughly cleaned and rinsed with de-ionized distilled water to remove all trace-metal contaminants.
A simple screening procedure for reagent and glassware is to prepare a blank and a standard testsolution, and then determine theirabsorbance and stability against water as a reference. The blank should transmit approximately 75%, and a 10 mg/100 ml standard 55% of the incident light in a Coleman, Jr. spectrophotometer. Moreover, these solutionsshould be stablefor approximately 30 mm.
Results
We established the free diffusivity of calcium ions through Centriflofilters before using these membranes for serum ultrafiltration. Accordingly, aqueous solutions of calcium were centrifugedfor 5 mm at 1500 rpm (500 g),and appropriateanalyses performed.
The recovery found in 24 separate assays, with a calcium standard (10 mg/100 ml), averaged 98% (range,94 to 103%); similar recoveries were obtained for calcium solutions containing 4 and 25 mg/100 ml.
We establishedthe protein retentivityof these membrane configurations by repeatedly centrifuging human albumin solutions (6 g/100 ml) in different Centriflo filters and analyzing the ultrafiltrate for protein. None was found. Table 1 lists the individual assay results of the calcium analyses for the 22 samples of normal serum, and the mean and standard deviation for the group. Although not shown, the mean protein concentration for these specimens was 7.9 g/100 ml of serum, while the mean level of biuret-positive material in the ultrafiltrate was 0.24 g/100 ml. Therefore, less than 2.8% of the total serum protein passed the filter.
Discussion
Although the terms "diffusible," "nonproteinbound," "ionized,"
and validity to nonprotein-bound calcium values of 50 to 58% of total serum calcium when determined by ultracentrifugation techniques (7, 8), 45 to 57% of the total as determined by ultrafiltration methods (9,10), and a mean of 53.7% of the total by ion-exchange chromatography (11). These data as well as the results of later studies are summarized in Table 2 calcium to be ionized calcium; the amount of ultrafilterable calcium in theirsamples, measured colorimetrically, was 59.1% of the total serum concentration ( Table 2 ). The electrode does not measure the serum calcium bound by citrate and phosphate.
Thus, any difference between the paired analyses of serum samples measured directly by the electrode procedure and after ultrafiltration should representcomplexed calcium.
The ultrafiltration method described in this paper appears to be well suited for use in the clinical laboratory.
It is inexpensive and rapid, requires relatively small amounts of serum, and obviates the necessity for elaborate equipment or extensivemanipulation.
